The effect of sulfation of alginate hydrogels on the specific binding and controlled release of heparin-binding proteins.
To mimic the high affinity of heparin-binding proteins to heparin/heparan sulfate, the uronic acids in non-sulfated alginate were sulfated, and hydrogels of mixed alginate/alginate-sulfate were fabricated. Surface plasmon resonance analysis probed the interactions of 13 proteins with alginate-sulfate. Of these, the 10 heparin-binding proteins revealed strong binding to alginate-sulfate and heparin, but not to alginate. The equilibrium binding constants to alginate-sulfate were comparable or one order of magnitude higher than those obtained between the proteins and heparin. Only the fibroblast growth factors (FGFs) revealed higher affinity for heparin than to alginate-sulfate. Sulfation of hyaluronan, as well, resulted in strong binding of basic FGF to hyaluronan-sulfate, but not to hyaluronan. Mixed hydrogels of alginate/alginate-sulfate sustained the release of basic FGF, with the release rate being dependent on the percentage of bFGF bound to the hydrogels. In vivo, the delivery of bFGF bound to alginate/alginate-sulfate scaffolds induced the formation of twice the number of blood vessels compared to when bFGF was delivered adsorbed to the matrix and 51% of the vessels were matured, as judged by pericyte coverage of the vessels. Our results thus describe the engineering of alginate hydrogels for the spatially presentation and controlled delivery of heparin-binding proteins.